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LETTERS TO THE EDITOR
objective testing. Reis et al . (1) recently reported a 44 .8% incidence
rate of deep vein thrombosis (documented by B-mode ultrasonog-
raphy) in patients undergoing coronary bypass surgery ; none of
these patients had symptoms of deep vein thrombosis
. In our study,
6 of the 32 patients who developed pulmonary embolism had
symptoms of deep vein thrombosis . It is conceivable that deep vein
thrombosis was silent in the remainder and might have been
detected had we employed an invasive or noninvasive test to
diagnose the condition .
The few published reports on pulmonary embolism (2
.-6) indicate
an incidence rate of 0,3% to 9.5%. The difference in the incidence
rate reported by us (3 .910) and by Canver (0.3%) has three possible
explanations. 1) Canver did not separate the group with isolated
valve surgery (in which we did not find any postoperative pulmonary
embolism) from the overall cardiac surgical group, as we did in our
study, 2) It appears that Canver selected only those patients whose
ventilation-perfusion lung scan indicated a high probability of em-
bolism ; 9 of our 32 patients had indeterminate or low probability
ventilation-perfusion lung scans in which pulmonary embolism was
confirmed by pulmonary angiography . 3) When we found initially (7)
that a significant number of patients undergoing coronary bypass
surgery developed postoperative pulmonary embolism, we kept a
low threshold for diagnosing the condition subsequently . However,
we agree with Canver that only a systematic, prospective study can
conclusively establish the incidence and magnitude of this important
complication of coronary bypass surgery .
G. V . R. K. SHARMA, MD
Division of Cardiology
Department of Veterans Affairs Medical Center
1400 VFW Parkway
West Roxbury, Massachusetts 02132
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Determination of Mitral Regurgitant Flow
ate m Color Flow Maps of the
e ur i nt Flow Convergence 'Region
Recently Chen et al . (1) used the flow convergence method as
described by Recusani et al
. (2) to determine mitral regurgitant flow
rate. The radius rte, of the isovelocity shells was imaged by color
r study in the two-dimensional and M-r
.iode approaches .
Regurgitant flow rate, Q, was calculated as
Q = 2 art,12 v,
where v is the velocity defining the isovelocity shell
. As described in
detail, the mean systolic regurgitant flow rate, Qmean, was calcu-
lated as
Qmean = 2 r (q,rmean)- v
.
We believe that this approach is not logical because the square of the
mean is not the same as the mean of the squares . Rather it would be
conclusive to calculate Qmean as
Qmean = 2 ir (r(vla)mean v
.
The values for Qmean determined by the investigators overesti-
mate their reference values with an excellent correlation between
the two . With regard to the variability of the reference method, this
correlation could probably not be any better . If the correct calcula-
tion is applied, generally higher values for Qmean must result, so
that this overestimation must increase and the correlation is most
likely to decrease . Probably the much simpler to measure maximal
regurgitant flow rate would then show a closer association to the
reference values than would Qmean .
The reference values were measured by a combined pulsed wave
Dopplerltwo-dimensional echocardiographic method as described
earlier by others. These reference values (up to 225 ml(beat) also
appear to represent an overestimation, as they are higher than invasive
d;sla (up to 119 to 156 mI/beat) from the published reports (3-5) .
In summary, these color Doppler mapping-derived values for
tral regurgitant flow rate probably represent a considerable over-
estimation. Invasive data (angiographic Fick method) would have
disclosed this and should therefore be included in such studies, as
reported by others (5,6) . The results show no advantage of color
M-mode study over two-dimensional color Doppler study for the
11uw convergence method in mitral regurgitation .
MARTIN GIESLER, MD
VINCENT HOMBACH, MD
l,uuernal Medicine, Division of Cardiology
Uhn University
Robert-loch-Strasse 8
89081 Uha, Germany
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Reply
Most of the questions and comments of Giesler and Hombach have
been discussed in detail in our article . The rationale for calculating
mean proximal accelerating flow rate instead of simply using maxi-
ntai accelerating flow rate was to serve the main purpose of our
article (1), which was to examine whether the calculated proximal
accelerating flow rate differed from the regurgitant flow rate . Be-
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cause left ventriculoatrial pressure gradient and mitral regurgiii .1i
orifice vary during systole, there is a significant variation in regur-
gitant flow rate during systole . Recent studies (2,3) have suggested
that this variation of (ratio o0 mean to maximal regurgilant flow rate
is not constant and depends on the etiology of mitral regurgitation .
There has been no c!in ;caIly applicable method for direct measure-
ment of maximal regurgitant flow rate, and such methods as the
combined Doppler method (4) and angiography (5) measure mean
regurgitant flow rate or volume rather than maximal regurgitant flow
rate . Thus, simply using maximal accelerating flow rate to compare
the mean regurgitant flow rate would not be appropriate to examine
whether the mean accelerating flow rate equals the mean regurgitant
flow calculated using the combined Doppler method . In fact, in our
study, we demonstrated that the maximal accelerating flow rate
significantly overestimated the mean regurgitant flow rate as ex-
pected. However, this finding does not indicate whether accelerat-
ing flow underestimates or overestimates the regurgitant flow . This
answer can be obtained only by comparing mean accelerating with
mean regurgitant flow rate or the maximal accelerating flow with
regurgitant maximal flow . 'file tendency toward overestimation of
the regurgitant flow by proximal accelerating flow was demonstrated
in our study and the overestimation was more obvious in patients
with severe mitral regurgitation . Our study was not designed to
examine the superiority of color M-mode over the two-dimensional
method . We believe that the two methods are complementary .
M-mode color Doppler recording of proximal accelerating flow
region requires two-dimensional echocardiographic guidance (6) and
M-mode display of proximal accelerating region provides a better
time resolution to observe accelerating flow change over systole and
to integrate systolic accelerating flow for calculation of mean flow
rate or accelerating flow stroke volume (1) .
The equation for calculation of mean accelerating flow rate is
mathematically quite straightforward . Integration of all instantaneous
accelerating flow rate (F) over systole yields accelerating flow stroke
volume (SV) and dividing stroke volume by systolic time (t) yields
mean accelerating flow rate (mean F) as in the following equations :
SV = I F, + F 2	+ F,
	
III
Mean F = SV/t 121
Instantaneous F can be calculated by assuming a hemispheric
isovelocity surfact; at a defined aliasing velocity NO:
To solve this equation will require a specific computer software for
measurement of instantaneous r throughout systole, which could
allow a calculation of instantaneous r2 and integration of all instan-
taneous r2 . The mean r2 is then calulated by dividing r 2 integral
(a r 2 1 + . . . + r'
n) by systolic time . Because we had no available
software for this measurement at the time the study was conducted,
we used a practically simplified way to obtain mean r' in our study .
Integral of r was obtained first by planimetry, then mean r was
calculated by dividing r integral by systolic time and the mean r' was
then calculated from the mean r . We were aware of this underesti-
mation while conducting this study and did a numeric simulation to
examine the amount of underestimation. For a mean proximal
accelerating flow rate ranging from 23 to 760 mi/s and a ratio of
maximal to mean accelerating flow rate varying from 1 .3 to 3 .0 in 20
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different assumed flow stages, the mean accelerating flow rate
calculated by the simplified method was 216 = 141 iril/s and the true
mean accelerating flow rate was 222 ± 141 mlis (p = NS)
. The mean
difference was -6 tells, which is less than intraobserver variability
of the measurement of proximal accelerating flow or regurgitant flow
(mean 17 ml/s) . Therefore, this minimal underestimation of mean
proximal accelerating flow by the simplified practical method should
not bias our conclusion . In fact, a slight overestimation of regurgi-
tant flow rate by the accelerating flow rate by the simplified method
was already demonstrated, especially in patients with severe iaitral
regurgitation in our study (1) .
As discussed extensively in our article (1) and others previously
published (7-9), there is no ideal method for calculating regurgitant
flow rate or volume and there is no consensus over which reference
method should be used for calculating regurgitant flow rate or
volume in the research community . The combined pulsed wave
Doppler method has been validated in vivo against true regurgitant
flow measured by roller flow pump . To our knowledge, there is no
study comparing the accuracy of the combined Doppler method with
the angiographic method for calculating regurgitant flow rate using
true regurgitant flow as a reference . Thus, no conclusion couldd be
made as to whether or not angiogiaphy is better than the combined
Doppler method . Certainly, a rigorous training of measurement of
mitral and aortic flow using the combined Doppler method is prereq-
uisite for accurate calculation . In our laboratory, with the combined
Doppler method, the absolute difference between aortic and mitral
flows was 6.2% of the mitral flow in patients without mitral regurgita-
tion (1,7) . Angiographic calculation of regurgitant stroke volume in-
volves the difference between then angiographic stroke volume for total
mitral inflow volume and Fick stroke volume for effective forward
aortic flow volume . The measurement error for cardiac output was
between 10% and 15% for angiography and 5% and 10% f6 iahermodi-
lution, resulting in a greater error when they are combined into the
mitral regurgitant fraction (5). Therefore, to state that angiographic
measurement of regurgitant volume or slow rate is superior to the
combined Doppler method is a subjective comment .
CHUNGUANG CHEN, MD
Non-Invasive Cardiac Laboratory
Massachusetts General Hospital
Zero Emerson Place, 2F
Boston, Massachusetts 02114
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F = 21rr
2
V a
The equation (1) can then be rearranged as :
Mean F = 2uA*a 0, + . . . +00/1
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